ABSTRACT LOESCHE, WALTER J. (Forsyth Dental Center and Harvard School of Dental Medicine, Boston, Mass.), RONALD J. GIBBONS, AND SIGMUND S. SOCRANSKY. Biochemical characteristics of Vibrio sputorum and relationship to Vibrio bubulus and Vibrio fetus. J. Bacteriol. 89:1109Bacteriol. 89: -1116Bacteriol. 89: . 1965.-Twenty-seven strains of Vibrio sputorum were isolated from human gingival debris. All strains reduced nitrate beyond nitrite, and all produced H2S. None produced catalase, indole, or acetylmethylcarbinol. Carbohydrates were not fermented, and acid end products or volatile neutral products could not be detected. Motility was observed infrequently, although 14-hr cultures usually had a few cells which displayed darting motility. Shadowed electron microscopic preparations demonstrated that most cells in a given culture were nonflagellated, although some cells with a single terminal or subterminal flagellum were always observed. V. sputorum was demonstrated not to be a strict anaerobe as previously described, but rather a microaerophile. Addition of nitrate to culture media markedly enhanced growth. V. sputorum was found to be closely related to the animal microaerophilic vibrios, V. bubulus and V. fetus. V. sputorum differed from V. fetus by being capable of anaerobic growth, producing H2S, and failing to produce catalase or to grow in 10%02 -Antigens of V. sputorum cross-reacted in low titer with antisera to V. fetus serotypes I, II, III, and V. V. sputorum differed from V. bubulus by being inhibited by 3.5% NaCl and by qualitative differences in growth in the presence of 1% glycine and 10% 02 -These differences do not appear sufficient to recognize two distinct species, and it is proposed that both species be recognized as V. sputorum, which has priority. Strains unable to grow in 3.5% NaCl would be considered V. sputorum var. sputorum, whereas strains capable of growth in 3.5% NaCl would be V. sputorum var. bubulum.
Vibrios are conspicuous in dark-field preparations of fresh meaterial from the gingival crevice of man. Difficulty in isolation and cultivation of these fastidious organisms has delayed any assessment of their significance in the oral cavity of man. Historically, they and the morphologically related spirilla were among the first organisms described as regular inhabitants of the mouth. Lewis (1884) described motile comma-like rods which he felt were identical to Vibrio comma. Miller (1890) Cam- bridge.
(1913) described curved motile bacilli in the vagina of women suffering from leukorrhea. He succeeded in cultivating a similar organism from a case of puerperal fever, and described it as a strict anaerobe with peritrichous flagella. Tunnicliff (1914) isolated from the sputum of a patient with acute bronchitis an anaerobic vibrio with a long terminal flagellum as demonstrated by the Zettnow stain. Prevot (1940) assigned the name Vibrio sputorum to the Tunnicliff vibrio and Vibrio mulieris to the Curtiss organism. Macdonald (1953) demonstrated the presence of V. sputorum in the oral cavity and characterized it as a nonfermentative, strictly anaerobic, polarflagellated organism which was catalase-negative, produced H2S, and was variable in the reduction of nitrate to nitrite. Moore (1954) isolated and described vaginal vibrios with similar characteristics. Rosebury (1962) (Florent, 1953) differs primarily in oxygen sensitivity, growing well at 2.5% 02, but being unable to grow under anaerobic conditions (Fletcher, 1963) .
Human infections attributed to V. fetus and "related microaerophilic vibrios" have been reported by King (1957 King ( , 1962 . The epidemiology of these infections remains obscure, but the possibility of infection after dental treatment was suggested.
In the present study, the microaerophilic nature of V. sputorum is established, the characterization of this organism as provided by Macdonald (1953) is extended, and representative oral strains are compared with V. bubulus and V.
fetuts strains.
MATERIALS AND METHODS Cultures. Twenty-seven oral strains were obtained from the study of the predominant cultivable flora of the gingival crevice area of man (Gibbons et al., 1963) . They had been partially characterized as gram-negative anaerobic rods which were catalase-negative and did not ferment glucose. V. sputorum strain JV5 (Macdonald, 1953) Production of lactic, succinic, and volatile acids was determined by procedures previously described (Loesche, Socransky, and Gibbons, 1964) . Neutral volatile end products were sought by use of procedures described by Neish (1952) . Carbon dioxide and NH3 production were determined by the microdiffusion technique of Conway (1963) .
Gaseous requirei ents. Growth of V. fetus, V. buibulus, and representative strains of V. sputorum was determined in the presence of 0, 5, 10, and 18%/o 02 (as air) and 10% CO2 by two methods.
Brain Heart Infusion Agar slants of uniform surface area with and without 0.1%o KNO3 were streaked with a loopful of a 2-to 3-day-old culture. The inoculated slants were immediately placed in Brewer jars which were evacuated to 1 to 2 cm of Hg. Atmospheric pressure was re-established by the addition of 10% C02, the desired amount of 02 as air, and H2. The platinum catalyst in the 0% 02 jars was activated to remove residual 02 as water. Methylene blue solutions remained colorless in the Oc%, 02 jars. After 3 to 5 days, growth was washed from the slants with 8 ml of a 0.3% formalin-treated saline solution (Fletcher, 1963) , and the optical density of these suspensions or a 1:10 dilution thereof was determined at 520 m,u. In the second method, 8 ml of Brain Heart Infusion broth with and without 0.1% KNO3 were dispensed in 125-ml Erlenmeyer flasks and inoculated with 0.1 ml of a 2-to 3-day-old culture. After 3 to 5 days of incubation, optical-density readings were made directly on brot,h cultures.
Serology. Rabbit sera containing antibodies against V. fetus serotypes I, II, III, and V (Marsh arnd Firehammer, 1953) were obtained from R. M. Smibert, Virginia Polytechnic Institute. Wholecell agglutination was performed by the method of Winter and Dunne (1962) .
Mlembrane-filter isolation techniqute. When gingival debris was inoculated onto the surface of membrane filters and incubated anaerobically, spirochetes and vibrios migrated through 0.45-and 0.3-,u filters (Millipore types HA and DA, Millipore Filter Corp., Bedford, Mass.) into the underlying agar medium (Loesche and Socransky, 1961) . Transfer of the agar containing spiroehetes and vibrios into the basal medium resulted in growth of the vibrios alone.
Morphology. Morphology was ascertained from
Gram-stained and dark-field preparations of both agar and broth cultures. Motility was sought by dark-field microscopy of 1-, 3-, and 4-day-old cultures growing in an agar-free medium. Flagella (Fig. 1A) . Oc- casionally, cells were arranged in chains (Fig. iB) , and a few cells appeared to be p)lasmolyzed.
The 27 oral vibrios and JV5 behaved uniformly in the differential tests employed ( lus in that they were inhibited by 3.5% NaCl and grew slightly in 1% glycine.
No acid end products and only traces of neutral volatile end products could be demonstrated in the spent medium. V. bubulus strain 8484 was an apparent exception, forming approximately 3 Amoles/ml of acetic acid. This result agrees with that found by Thouvenot and Florent (1954) (Miller, 1890) , with the concentration approximating 28 ,g of NO3 per ml (Goaz and Biswell, 1961 (Macdonald, 1953) . Recent reports have shown that flagellation in Bacillus and Proteus species can be inhibited by the level of iron in the medium (Weinberg and Brooks, 1963; Sokolski and Stapert, 1963) . Flagella synthesis in V. spuitorum may also be medium-dependent and may reflect an inhibition of synthesis rather than a nutritional deficiency.
The meimbrane-filter isolation procedure relies on the migration of motile organisms through the filter. However, upon subculture, the vibrios isolated by this p)rocedure were nonmotile on darkfield examination. This lack of motility stresses the fact that, if motility is the prime consideration in desig,nating an oral isolate as a vibrio, then most oral vibrios will go unidentified on artificial media, unless byr chance the environmental conditions favoring motility are present.
The seroloo,ical cross reactivity of V. sputorumn strains with 1V. fetus antisera suggests that these organisms are antigenically related. It is possible, therefore, that the occurrence of antibodies to V. fetuis in human sera (R. Al. Smibert, personal comnunnication) may be the result of autoinfection with V. sputorun, which is indigenous to man.
Teml)erature sensitivities did not separate the strains, but the inability of V. sputorumn to grow at 45 C did suggest nonidentity with the "related microaerophilic vibrio" reported in human infections (King, 1957 (King, , 1962 . King (1962) has demonstrated that the pathogenic human v-ibrios possess catalase and do not grow at 25 C, characteristics which further differentiate them from V. sputorumn.
V. sputorum and V. bubulus apparently are quite similar. They differ in 02 tolerance, with V. sputorumr being the more oxy-gen-sensitive. Growth in 1% glycine broth use5l to separate V. bubuluis fromn V. fetus (Lecce, 1958; MIohanty, Plumer, and Faber, 1962) p)ermitted a qualitative sep)aration, with V. sputorum growing poorly and V. bubulus growing luxuriantly. Salt tolerance clearly distinguished the strains, with V. sputorum growing poorly at 2%,x, NaCl and V. bubulus growing well at 3.5%,, NaCl (Kuzdas and AIorse, 1956 ). These differences seem insufficient to justify the recognition of two distinct species. The existence of intermediate types, i.e., V. bubulus strain 8010, which exhibited an 02 sensitivity similar to V. sputorunm, furthem complicates precise classification. tTntil further studies disclose additional differences, the two sp)ecies should be considered as V. spuitorum (Prevot, 1940) , which has 1)riority and is already recognized in Bergey's Mlanual. Sodium chloride tolerance can be utilized to separate the strains into subspecies which would reflect their oral and genital origins. Thus, it is I)rol)osed that two subspecies be recognized, with V. sputoruni var. sputorumtl containing those strains unable to orow in 3.5%-NaCl and V.
